ABSTRACT: An experiment was conducted to evaluate the effects of dietary lactose alone or in combination with a yeast-dried milk product (50% dried near-dated milk and 50% dried yeast) on growth performance, fecal microbiota, and immune status in nursery pigs (Sus scrofa). A total of 108 pigs (age, 20 ± 1 d; initial BW, 6.07 ± 0.03 kg) were randomly allotted to 18 pens (6 pigs/pen; 6 pens/treatment). Dietary treatments were: 1) control, 2) control + lactose, and 3) control + lactose + 5% yeast-dried milk. Except for the control diet, diets in Phase 1 (wk 1 and 2), 2 (wk 3 and 4), and 3 (wk 5) contained 20, 15, and 5% total lactose, respectively. Blood samples were collected from all pigs at d 0, 14, 28, and 35 to determine circulating IgG, IgA, and tumor necrosis factor (TNF)-α concentrations. At d 0, 7, and 14, fecal samples were collected (n = 18; 6 pigs/treatment) to evaluate fecal microbiota using PCR-denaturing gradient gel electrophoresis. Compared with pigs fed the control diet, pigs fed lactose and lactose with yeast-dried milk had greater (P < 0.05) ADG and tended (P = 0.07) to have greater BW and ADFI during Phase 1. There were no differences for BW, ADG, or ADFI during Phase 2, 3, or the overall experimental period. A main effect of treatment was observed for circulating IgA where control pigs had greater (P < 0.01) IgA compared with pigs fed lactose with or without yeast-dried milk; however, no effects of treatment were observed (P > 0.10) for circulating IgG or TNF-α. No differences (P > 0.10) in microbial diversity indices were observed on d 7 or 14 among treatments. However, a shift in microbial composition was observed on d 7, with lactose-fed pigs having greater (P < 0.05) putative L. johnsonii staining intensity compared with control pigs and pigs fed lactose plus yeast-dried milk. On d 14, L. delbrueckii was eliminated (P < 0.04) by feeding lactose with or without yeast-dried milk. This research indicates that growth performance, immune status, and fecal microbiota are affected by dietary inclusion of lactose alone, or in combination with yeast-dried milk.
INTRODUCTION
Stressors at weaning (dietary, environmental, and social) lead to the reduction of feed intake and nutrient absorption (due to villous atrophy in conjunction with a greater incidence of diarrhea), and consequently decrease the overall growth performance of weaned pigs (Pie et al., 2004) . Feeding lactose has been shown to increase feed intake and improve feed efficiency in weanling pigs (Tokach et al., 1989; Nessmith et al., 1997; Mahan et al., 2004; Cromwell et al., 2008) .
Although inconsistent results exist, there is evidence that dietary lactose may be a potential prebiotic for nursery pigs (Szilagyi, 2002; 2004) and may have a positive effect on modulating gut microbiota (Pollmann et al., 1980; Pierce et al., 2007) . In the gastrointestinal tract (GIT), lactose is fermented to lactic acid by lactic acid-producing bacteria (resulting in a decrease in pH), which is not favorable for pathogenic bacteria but may promote the proliferation of commensal bacteria (Pierce et al., 2007) . Furthermore, the inclusion of lactose may increase the production of short-chain fatty acids, particularly butyric acid, which are important sources of energy for gut epithelial cells (Scheppach, 1994; Piva et al., 2002) .
Supplementation of yeast culture or live yeast in nursery diets has resulted in positive effects on growth performance and gut health of pigs (Mathew et al., 1997; van Heugten et al., 2003; van der Peet-Schwering et al., 2007; Shen et al., 2009) . Previous research showed that pigs fed yeast had increased beneficial bacteria (i.e., lactobacilli) and reduced coliform bacteria in the small intestine (White et al., 2002) . Yeast mixtures contain a variety of active components such as enzymes, hormones, nucleic acids, and cell wall products (e.g., mannanoligosaccharides and beta glucans) that may be beneficial to the host.
There has been considerable focus on evaluating the effects of lactose and yeast individually; however, the effect of feeding lactose in combination with yeast-dried milk on the growth performance and gastrointestinal health of nursery pigs has not been investigated. Therefore, the objective of the current study was to determine the effects of lactose and lactose in combination with yeastdried milk on growth performance, immune parameters, and gastrointestinal microbiota of nursery pigs.
MATERIALS AND METHODS
The experimental protocol was reviewed and approved by the Institutional Animal Care and Use Committee of the University of Nebraska, Lincoln.
Animals and Experimental Design
One hundred and eight weaned pigs (20 ± 1 d of age) were sorted by initial BW and sex, and randomly allotted to pens (3 barrows and 3 gilts/pen), which were randomly assigned to 3 dietary treatments (6 pens/treatment). No pen contained more than 2 pigs from the same litter of origin. The average initial BW was 6.07 ± 0.03 kg. Pigs were housed in a temperature-controlled room with continuous lightning. Each pen had a single nipple waterer and a single self-feeder for ad libitum access to water and feed. The study consisted of a 5-wk feeding period divided into 3 phases: Phase 1 (wk 1 to 2), Phase 2 (wk 3 to 4), and Phase 3 (wk 5).
Dietary Treatments
The ingredient composition and calculated analysis of experimental diets are presented in Table 1 and 2. Dietary treatments included: 1) control (no lactose or yeast-dried milk); 2) control + lactose, and 3) control + lactose + 5% yeast-dried milk. Phase 1, 2 and 3 diets were formulated to contain 1.47, 1.42, and 1.37 standardized ileal digestible Lys, respectively. Total Lys was 1.56% in Phase 1 and 2, and 1.51% in Phase 3 diets. Except for the control diet, dietary treatments in Phase 1, 2, and 3 contained a total of 20, 15, and 5% lactose, respectively. Diets were formulated to meet or exceed NRC (1998) requirements. Two commercial products (Dairylac 80 and yeast-dried milk product; International Ingredient Corp., St. Louis, MO) were the sources of lactose used in the experimental diets. The first product (Dairylac 80) was produced from sweet and dried whey soluble containing 3.2% CP and 0.06% Lys (analyzed composition) and 80% lactose. The second product (yeast-dried milk product) was produced from 50% dried, near-dated milk and 50% dried brewer's yeast containing 17.4% lactose, 33.0% CP, and 1.82% Lys (analyzed composition). The yeast-dried milk product was included (5%) in treatment 3 during all 3 feeding phases.
Data and Sample Collection
Individual pig BW and feed disappearance were recorded at the beginning of the experiment and weekly thereafter (d 0, 7, 14, 21, 28, and 35) to calculate ADG, ADFI, and G:F. Blood and fecal samples were collected at timepoints that coincided with pig BW measurements. Blood samples (~5 mL/ tube) were collected from all pigs via jugular venipuncture between 0700 and 1000 h. Blood was allowed to clot at room temperature and stored overnight at 4°C before harvesting serum by centrifugation (1,500 × g for 20 min at 4°C). Two pigs (1 gilt and 1 barrow) in each pen were selected for collection of fecal samples by using reusable plastic fecal loops. Cleaned and disinfected plastic loops were inserted into the rectum of the pig for sampling. The collected fecal samples were put in autoclaved, 2-mL microtubes, and 1 mL PBS was added to each sample. Serum and fecal samples were frozen at −20°C for subsequent analyses.
Serum Immune Measures
Porcine specific ELISA were used to quantify circulating IgG and IgA (Bethyl Laboratories, Inc., Montogomery, TX), and tumor necrosis factor (TNF)-α (R&D Systems, Minneapolis, MN). Serum was diluted at 1:100,000 and 1:1,000 with assay buffer for analysis of IgG and IgA, respectively. The range of detection for the Ig assays was 7.81 to 1,000 ng/mL. The intraassay CV for serum IgA and IgG was 2.9 and 3.1%, respectively. The interassay CV for serum IgA and IgG was 8.4 and 8.7%, respectively. The range of detection for the TNF-α assay was 31.25 to 2,000 pg/mL. The intra-and interassay CV for TNF-α were 5.8 and 9.1%, respectively.
Fecal DNA Isolation
Isolation of fecal DNA was conducted as described by Martinez et al. (2009) . Briefly, diluted fecal samples were washed in PBS 3 times by centrifugation (8,000 × g for 5 min at 4°C). The bacterial cell pellet was resuspended in 750 µL lysis buffer containing 200 mM NaCl, 100 mM Tris (pH 8), 20 mM EDTA, and 20 mg/mL of lysozyme. The suspension was transferred to a new tube containing 300 mg of zirconium beads (0.1 mm) and incubated at 37°C for 20 min. Next, 85 µL of 10% SDS solution and 40 µL of Proteinase K (15 mg/mL) were added and incubated at 60°C for 15 min, followed by the addition of 500 µL of Phenol:Chloroform:Isoamyl alcohol (25:24:1). The mixture was homogenized (MiniBeadbeater-8, BioSpec Products, Bartlesville, OK)
at maximum speed for 2 min, chilled on ice, centrifuged (10,000 × g for 5 min at 4°C), and the supernatant collected. Fecal DNA was extracted from the supernatant with Phenol:Chloroform:Isoamyl alcohol (25:24:1) and Chloroform:Isoamyl alcohol (24:1). The resultant DNA was precipitated by isopropanol, washed (70% ethanol), and resuspended (100 µL 10 mM Tris buffer, and frozen (−20°C) for subsequent PCR and denaturing gradient gel electrophoresis (DGGE) analyses. 
PCR-DGGE Analyses
For investigation of the total microbe population in fecal samples, PCR was performed by using the universal primers PRBA38fGC (5´-ACTCCTACGGGAGGCAGCAG-3´) and PRUN518r (5´-ATTACCGCGGCTGCTGG-3´) to amplify the V3 region of 16S rRNA gene (Øvreås et al., 1997) . The amplification procedure was 94°C for 2 min, 30 cycles of 94°C for 30 s, 56°C for 30 s, 68°C for 1 min, and a single final extension at 68°C for 7 min. The DGGE gel contained 30 to 50% gradient of urea and formamide, and the analysis was performed as described by Walter et al. (2000) and Martinez et al. (2009) . For investigation of specific Lactobacillus populations in fecal samples, PCR-DGGE was performed by using lactic acid bacteria-targeted primers Lac1 (5´-AGCAGTAGGGAATCTTCCA-3´) and Lac2GC (5´-GC-Clamp-ATTYCACCGCTACACATG-3´) as described by Walter et al. (2000 Walter et al. ( , 2001 . The amplification program was 94°C for 2 min, 35 cycles of 94°C for 30 s, 61°C for 1 min, and 68°C for 1 min; and a single extension at 68°C for 7 min (Walter et al., 2001) . Similar DGGE gels were performed with the exception of 30 to 45% gradient of urea and formamide, increasing in the direction of electrophoresis. The PCR-DGGE reaction mixture (50 µL) contained 25-pmol amounts of each primer, 0.2 mM concentrations of deoxyribonucleotide triphosphate, reaction buffer, 25 µg of BSA, 2.5 U of rTaq polymerase (Takara Bio Inc., Otsu, Shiga, Japan), and 1 µL of DNA solution.
Analysis of DGGE Profile
Images obtained from the DGGE gel were evaluated with a software (BioNumerics version 5.0, Applied Maths, Kortrijk, Belgium) as described by Martínez et al. (2009) . Briefly, bands were manually defined and DGGE fingerprints were transformed to peak profile, and staining intensities of individual bands were determined as a proportion of the peak surface area relative to the surface area of the entire molecular fingerprint of the sample. Diversity of microbiota was calculated by Shannon's and Simpson's indices using the following formulas:
where ni was number of organisms belonging to species i (as a proportion of band intensity with respect to the entire intensity of the fingerprint); N was the total number of organisms in the microbial population; and pi was the proportion of a species i present in a sample. The larger the Shannon's index, the more diverse the microbial population. Conversely, the smaller the Simpson's index, the more diverse the microbial population.
Diet Sample Analysis
Diet samples were ground through a 1-mm screen (Cyclotec 1093, Tecator, Hoganas, Sweden) before analysis. Samples were analyzed in duplicate for CP and ether extract after AOAC (1990) procedures. For AA analysis, samples were hydrolyzed by 6N HCl (107°C for 20 h) before separation of AA by ionexchange chromatography using o-phthalaldehyde as a derivatization reagent. After elution, AA were quantified by fluorescence detection.
Statistical Analysis
Each pen was considered an experimental unit and a random effect for growth performance and immune data. The model for growth and immune data included treatment as a fixed effect. For microbial variables, each pig was considered as an experimental unit. Statistical model for microbial data included treatment as a fixed effect. The model for immune status data included treatment and treatment × time (day) interaction. All data were analyzed as a completely randomized design using the MIXED procedure (SAS Inst. Inc., Cary, NC). All means are presented as least-squares means (±SEM).
RESULTS

Growth Performance
Effects of lactose and yeast-dried milk on the performance of pigs were presented in Table 3 . Pigs fed lactose with or without yeast-dried milk tended to have greater BW at the end of wk 1 (P = 0.09) and 2 (P = 0.07) compared with the control pigs. There were no effects (P > 0.10) of dietary treatment on pig BW during wk 3, 4, 5, or the overall period (wk 1 to 5).
Compared with control pigs, pigs fed lactose and yeastdried milk had greater (P < 0.01) ADG and G:F during wk 1 and increased (P < 0.05) ADFI during wk 2. During Phase 1 (wk 1 to 2), pigs fed lactose supplemented with yeastdried milk had greater (P < 0.05) ADG and tended (P = 0.07) to have greater ADFI compared with control pigs. No differences in ADG, ADFI, or G:F were observed among pigs fed lactose supplemented with or without yeast-dried milk during Phase 1 (wk 1 to 2).
During Phase 2, there were no differences (P > 0.10) among treatments for ADG or ADFI; however, control pigs tended (P = 0.08) to have greater G:F compared with lactose fed pigs with or without yeast-dried milk. Growth With respect to circulating IgG, no treatment effects (P > 0.10) were observed. However, there was a main effect of time (P < 0.01; Figure 1 , Panel B), with IgG present at the greatest concentration at weaning (d 0) and decreased concentrations present throughout the duration of the experiment.
The concentration of TNF-α in piglets in the current experiment was only measured on d 0 and 14. There were no main effects (P > 0.10) of treatment on TNF-α; however, when means were averaged among treatments, pigs had greater (P < 0.05; Figure 1 
DGGE Analysis of the Lactobacillus Biota in Fecal Samples
Images of the DGGE gels used for analysis of the Lactobacillus biota are shown in Figure 2 . The ratio of staining intensity of dominant bands as a proportion of total fingerprint intensity using Lactobacillus-targeted primers is summarized in Table 4 . At weaning (d 0), there were no differences among treatments for fecal Lactobacillus staining intensity. Bands corresponding to L. johnsonii (range: 17.68 to 20.68%), L. sobrius/ amylovorus (range: 6.15 to 11.39%), and L. mucosae (range: 11.74 to 17.93%) in the marker are the most dominant Lactobacilli present in pigs at weaning. Bands corresponding to L. reuteri appeared at a lower proportion at weaning (range: 5.16 to 9.7%).
At d 7 postweaning, pigs fed lactose with or without yeast-dried milk had greater (7.63 and 18.17 vs. 4.64%, P < 0.05) staining intensity of the putative L. johnsonii when compared with the control pigs. There were no differences among other Lactobacillus species at d 7. There were changes in Lactobacillus composition at d 7 where L. sobrius/amylovorus (range: 14.11 to 26.33%) and L. reuteri (range: 17.52 to 20.65%) became the most dominant species compared with d 0 (range: 6 to 10% and 5 to 9%, respectively, for L. sobrius/amylovorus and L. reuteri). The increasing abundance of these 2 species may explain the reduction of average staining intensity of other species such as L. johnsonii at d 7 (10.15%) compared with d 0 (19.51%).
At d 14 postweaning, the control pigs had greater putative L. delbrueckii (P < 0.04) and tended to have greater L. sobrius/amylovorus (P = 0.10). Otherwise, there were no differences among treatments on other Lactobacillus species. However, pigs fed lactose with or without yeastdried milk had numerically greater (P = 0.26; 16.56 and 12.5 vs. 7.82%) putative L. reuteri compared with the control pigs. 
DGGE Analysis of the Total Fecal Microbiota
The effects of feeding lactose and yeast-dried milk on total microbial composition on the diversity indexes (Shannon's and Simpson's) using PCR-DGGE in combination with universal primers are presented in Table 5 . At d 0, 7, and 14, there were no differences among treatments on microbial population based on Shannon's and Simpson's diversity indices. However, a greater (P < 0.03) Shannon's index was identified for control pigs at weaning compared with lactose-fed pigs with or without yeast-dried milk. In addition, DGGE analysis revealed changes in the composition of the fecal microbiota inasmuch as 2 bands were more common in animals fed lactose and lactose with yeast at d 7 (Figure 3 , bands 1 and 2). Pigs fed lactose with or without yeast-dried milk had greater (1.58 and 1.31 vs. 0.27%, P < 0.04) staining intensities of a bacteria type aligned at band 1 in comparison with control pigs (Table 6 ).
DISCUSSION
Growth Performance
The current experiment showed that pigs fed lactose supplemented with or without yeast-dried milk had greater ADG and tended to have greater ADFI compared with control pigs during the first 2 wk postweaning. These results agree with previous research that reported the inclusion of crystalline lactose or deproteinized whey had positive effects on growth performance during the early nursery phases (Sewell and West, 1965; Nessmith et al., 1997; Mahan et al., 2004; Cromwell et al., 2008) . Lactose may improve apparent protein digestibility in the diet, which resulted in a reduced clinical diarrhea associated with microbial fermentation of undigested dietary protein in the large intestine, therefore producing increased feed efficiency and BW gain of weanling pigs (Sewell and West, 1965) . Dietary lactose has been evaluated as a conditional prebiotic for pigs because of its ability to stimulate the growth and activity of beneficial bacteria and improve health of the pigs (Gibson and Roberfroid, 1995; Szilagyi, 2002 Szilagyi, , 2004 . Specifically, lactose serves as an important substrate for lactic acid-producing bacteria to produce lactic acid, which can result in an unfavorable environment to pathogenic bacteria (Kim et al., 1978; Pollmann et al., 1980) and may promote beneficial bacteria in the GIT (Wells et al., 2005; Pierce et al., 2007) . Also, microbial fermentation of lactose stimulates production of short-chain fatty acids, particularly butyric acid, which in turn stimulates the proliferation and differentiation of epithelial cells in the GIT, thereby, increasing absorptive surface area for nutrients (Scheppach et al., 1992 , Scheppach, 1994 Piva et al., 2002; Pierce et al., 2007) .
In addition, effects of yeast and yeast cell wall components (e.g., β-glucans) have been observed with respect to beneficial changes in gut morphology (Shen et al., 2009 ) and production of butyric acid (Piva et al., 2006) . Lactose + 5% YDM 3.02 ± 0.096 0.069 ± 0.013 a,b Means in the same column with different superscripts differ (P < 0.05). Each value represents a least squares mean of 6 observations. 1 The larger the Shannon's index, the more diverse the microbial population. 2 The smaller the Simpson's index, the more diverse the microbial population.
3 Yeast-dried milk (YDM) is produced from 50% dried, near-dated milk and 50% dried brewer's yeast (International Ingredient Corporation, St. Louis, MO) containing 17.4% lactose, 33% CP, and 1.82% Lys (analyzed composition). 
DGGE Analysis of the Lactobacillus and Total Microbiota in Fecal Samples
Although there were no major differences in diversity indices of total microbiota, a shift in Lactobacillus composition among treatments was observed. Lactobacilli are one of the most dominant lactic-acid producing bacteria distributed throughout the length of the GIT of pigs (Leser et al., 2002; Janczyk et al., 2007) and have important roles in defense against pathogenic infection by production of antimicrobial substances (Klaenhammer, 1993; Pridmore et al., 2008) or competition with other microorganism for adhesion sites to intestinal cells (Mare et al., 2006 ). In the current study, we evaluated the effects of lactose and yeastdried milk on Lactobacillus composition at d 0, 7, and 14 postweaning. As shown in previous research, L. johnsonii is a probiotic species with immunomodulation, pathogen inhibition, and epithelial cell attachment properties (Pridmore et al., 2004) . Moreover, 16 to 89% of L. johnsonii can use lactose, and this may explain the increase of this species in pigs fed lactose for 7 d in the present study. Also, L. johnsonii is known as a casein-using species (Savijoki et al., 2006) ; therefore, the change of protein supply from sow's milk (i.e., major proteins including caseins, β-lactoglobulin, and α-lactalbumin) to protein in the nursery diet may result in decreasing casein availability and a reduction of species using casein at d 7. At d 14, putative L. reuteri was numerically greater in pigs fed lactose with or without yeast-dried milk compared with the control pigs. This is a significant finding because L. reuteri has been reported to confer health benefits to humans and animals and is commonly used as a probiotic for pigs (Rodriguez et al., 2003; Valeur et al., 2004) . Specifically, L. reuteri can produce an antimicrobial compound known as reuterin (Rodriguez et al., 2003) and exhibit anti-inflammatory effects on human epithelial cells (Ma et al., 2004) .
The data generated from the fecal microbial analyses in the current experiment are presented with the caveat that using feces as a proxy for direct intestinal sampling may not necessarily be representative of the populations along the entire GIT. However, many studies regard the bacterial community in feces as representative of the gut microbiota as a whole (Eckburg et al., 2005) , and Canibe et al. (2001) published work indicating that fecal samples provide a good indicator of general microbiological changes in the GIT of young pigs. In addition, specifically with respect to Lactobacillus species, it has been demonstrated that similar DGGE molecular fingerprints have been observed among samples obtained from the distal esophagus, stomach, small intestine, and distal colon in 10-wk-old pigs (Walter, 2008) . Taken together, fecal lactobacilli are a good indicator of lactobacilli present with the GIT of pigs.
Immune Status: IgA, IgG, and TNF-α As mentioned previously, dietary lactose is considered as a prebiotic for pigs and may improve gut barrier function by facilitating mucus secretion and tight junction formation, providing immunologic factors, and lowering GIT pH, which is unfavorable for pathogenic bacteria. Because of the increase in probiotic species (L. johnsonii and L. reuteri) observed in pigs fed lactose as demonstrated with our DGGE data, there is a possibility that a decreased pathogenic load on the GIT exists in pigs fed diets containing lactose with or without yeast-dried milk compared with pigs fed no lactose or yeast-dried milk. As a result, greater circulating IgA was observed in the control pigs compared with pigs fed lactose with or without yeast-dried milk. In addition, circulating IgA increased with time throughout the duration of the experiment. This result could be explained by the maturation of the piglet immune system. Previous research indicated that maternal IgA predominates in piglet serum until approximately 5 wk of age, when IgA becomes the predominant immunogloulin isotype in the GIT (Curtis and Bourne, 1971) .
With respect to IgA, one must consider the relationship between circulating (serum) IgA and secretory (mucosal) IgA. It is possible that the differences observed in microbiota profiles may be a result of the effects of IgA in the GIT. Presumably, if IgA has an effect on gut microbes, it would most likely be carried out by secretory IgA. Even though secretory IgA was not specifically quantified, previous work has demonstrated that there is a high correlation between serum IgA titers and IgA titers in samples from the GIT (Azevedo et al., 2004) .
Pigs were raised in a clean research environment with no clinical signs of disease, which may explain the lack of any treatment effects on circulating IgG. However, IgG was present at the greatest concentration at weaning (d 0) and concentrations decreased throughout the duration of the experiment. Again, as with IgA, this may be explained by the residual concentrations of IgG present in the piglets as a result of passive transfer from the dam and the inability of young pigs to synthesize their own IgG until they become more mature.
Tumor necrosis factor-α is a proinflammatory cytokine, which is synthesized and secreted during stress, endotoxemia, or disease. Our study indicated that pigs had greater concentrations of circulating TNF-α at weaning (d 0) compared with d 14. It is speculated that stress because of weaning may be responsible for the increase in the proinflammatory cytokine at d 0, as observed by Pie et al. (2004) . These authors reported the increased IL-1β, IL-6, and TNF-α mRNA expression in small intestine of pigs during an acute-phase response early postweaning (d 0 to 2). In addition to villous atrophy and enzymatic changes in small intestine at weaning, high expression of IL-1, IL-6, and TNF-α would explain the reduced feed intake in conjunction with diarrhea, which often occurs in weanling pigs. Cytokines are integral to normal immune responses and represent a dynamic, tightly controlled network. Given the dynamics of the cytokine network, different cytokine profiles may prevail at any time throughout the course of an immune response. In the current study, circulating concentrations of TNF-α may not be highly correlated to local cytokine production. However, given that the serum half-life of cytokines is short (in the order of 6 to 20 min; Beutler et al., 1985) , it is likely that circulating concentrations of TNF-α measured in the current experiment represent (to some extent) local cytokine production that has spilled over into the systemic circulation.
During Phase 1, pigs fed lactose with and without yeastdried milk had increased growth performance compared with control pigs; however, this effect of lactose and yeastdried milk did not continue into the latter nursery stages. In addition, lactose and yeast-dried milk may have positive effects on the health status of weanling pigs.
In summary, our results indicate that inclusion of lactose had positive effects on growth performance during the early nursery phases; however, there were no further effects of yeast-dried milk product on growth performance. In addition, feeding lactose with or without yeast-dried milk did affect the maintenance of some Lactobacillus species, which are potential probiotic species in pigs.
LITERATURE CITED
